A new poly (vinyl chloride) (PVC) membrane electrode that is highly selective to Mn +2 ions was prepared using N,N'-bis(2'-pyridinecarboxamide)-1,2-ethane (bpenH2) as a suitable neutral carrier. This concentration range (1.0 × 10 -5 to 1.0 × 10 -1 M) with Nernstian slope of 29.3 ± 0.5 mV per decade. The detection limit and the response time of electrode were 8.0 × 10 -6 M and (≤ 15 s) respectively. The membrane can be used for more than two months without observing any divergence. The electrodes exhibited excellent selectivity for Mn +2 ion over other mono-, di-and trivalent cations. Selectivity coefficients were determined by the matched potential method (MPM). The electrode can be used in the pH range from 4.0 -9.0. The isothermal coefficient of this electrode amounted to 0.00023 V/ o C. The stability constant (log Ks) of the Mn +2 -bpenH2 complex was determined at 25 o C by potentiometric titration in mixed aqueous solution. The proposed electrode was applied to the determination of Mn +2 ions in real samples.
Introduction
The utility of ion sensors is being increasingly realized in view of the rapid growth of industry and technology. Good ionselective electrodes (ISEs) possess many advantages over the traditional methods of analysis as they provide accurate, reproducible, fast and often selective determination of various ionic species. Not only this, the ion-selective electrodes (ISEs) allow non-destructive, on line monitoring of particular ion in small volume of sample without any pretreatment. ISEs are utilized in many fields, including physiology, process control, and environmental analysis. So, they form one of the most important groups of chemical sensors. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] After extensive efforts some of the commercial sensors are available for alkali, alkaline earth metals, halides, nitrates, etc. Efforts are required to develop ion-selective electrodes for heavy metal ions, which are toxic in very low concentration. The EPA recommends 0.05 mg/L as the maximum allowable manganese concentration in drinking water. 11 Consequently, the determination of manganese in environmental resources becomes an important task. Various techniques have been used for the determination of trace manganese in biochemical and environmental resources. [12] [13] [14] Most of techniques have problems such as, high detection limit, narrow working concentration range, high response time, poor selectivity and significant interfering cations. 15 For this purpose, ion selective sensors are the best tools as they permit quick and convenient determination at low cost. In spite of this important requirement, only little work on manganese selective electrodes has been done. 16, 17 In this paper we have reported a new ISE for determination of Mn 2+ ion based on N,N'-bis(2'-pyridinecarboxamide)-1,2-ethane (bpenH2) as a suitable ionophore (Scheme 1). It was shown that the new ISE has a relatively wide working concentration range, fast response time and gives reproducible results.
Experimental
Reagents and materials. All the reagents, with the exception of (bpenH 2 ) were of analytical reagent grade but the ionophore (bpenH2) that its preparation had been published previously. 18, 19 Reagent grade dibutyl phthalate (DBP), acetophenone (AP), o-nitrophenyl octyl ether (o-NPOE), oleic acid(OA), sodium tetraphenylborate (NaTPB), Potassium tetrakis[p-cholorophenyl]borate (KTpClPB), and tetrahydrofuran (THF) (all from Fluka) were used as received. High relative molecular weight PVC was purchased from Fluka and used as such. Nitrate and chloride salt of all cations were of the highest purity available (all from Merck or Fluka) and used without any further purification. Double distilled deionized water was used throughout. Working solutions of different concentrations were prepared as required by suitable dilution with the same water.
Preparation of the electrodes. The general procedure used to prepare the PVC membrane was mixing thoroughly 28 mg of powdered PVC, 5 mg of ionophore (bpenH2), 62 mg of plasticizer o-NPOE and 5 mg of additive KTpClPB until the PVC was wet. The mixture was then dissolved in 3 mLof dry freshly distilled THF. The resulting clear mixture was transferred into a glass dish of 2 cm diameter. The solvent was evaporated slowly until an oily concentrated mixture was obtained. A Pyrex tube (5 mm o.d.) was dipped into the mixture for about 10 s so that a non-transparent membrane of about 0.3 mm thickness was Preparation of the sample. A first a 10 mL volume of Minadex tonic syrup (0.38 mg per 5 mL) directly and then a Multiple vitamins with minerals tablet (3.5 mg) which it was dissolved distilled water and transferred into 100-mL volumetric flask after that 10-mL of this solution were applied for determination of Mn +2 ions by standard addition method Table 4 .
Results and Discussion
Effect of membrane composition. BpenH 2 was used as a carrier to prepare PVC membrane electrodes for a number of metal ions including alkali, alkaline earth and transition metal ions. Characterization of the selectivity of Mn 2+ sensor over other metal ions is shown in Fig. 1 . It is shown that the membrane electrode responds to Mn +2 with near Nernstian slope and over a wide concentration range, while other metal ions showed poor response.
The sensitivity and selectivity of an ion selective electrode depends significantly on the membrane composition and the nature of solvent mediator and additives. 20 Thus, the influences of the membrane composition, nature and amount of plasticizer and additive and amount of ionophore on the potential response of the Mn +2 sensor were investigated and the results are summarized in Table 1 . It is shown that, the use of 62% (w/w) o-NPOE in the presence of 28% (w/w) PVC, 5% (w/w) ionophore and 5% (w/w) KTpClPB results in acquiring the best sensitivity, with Nernstian slope of 29.3 ± 0.5 mV/decade over a relatively wide concentration range of Mn +2 ions and the characteristics performance of the electrode was the best (No. 10). (Fig. 2) and the same may be taken as the working pH range of the sensor. The sharp changes in potential below pH 4.0 may be ascribed to H + co-fluxing and above pH 9.0 due to the hydrolysis of Mn 2+ ions. Response time. Dynamic response time is an important factor for an ion-selective electrode. 21 In this study, the practical response time was recorded by changing solution with different -electrode for several high-to-low sample cycles. Mn +2 concentration from 1.0 × 10 -4 to 5.0 × 10 -2 M (low-tohigh). The actual potential versus time traces is shown in Fig. 3 . As can be seen, the electrode reaches the equilibrium response in a very short time of about ≤ 15 s. To evaluate the reversibility of the electrode, a similar procedure with opposite direction was adopted. The measurements were performed in the sequence of high-to-low sample concentrations and the results are shown in Fig. 4 . It is shown that the potentiometric response of the electrode is reversible and had no memory effect.
22
Potentiometric selectivity. The potentiometric selectivity coefficients of the electrode (KMn 2+ ,M) towards different cationic species were determined by IUPAC recommended matched potential method 23 at a 1.0 × 10 -1 concentration of interfering ions. The resulting selectivity coefficients summarized in Table 3 . The electrode exhibits good Nernstian behavior in the temperature range (20 - 
The values of the standard potentials of Mn +2 -electrode were calculated at the different temperatures from the following relationship:
Plot of Eelec. versus (t -25) gave a straight line, as shown in Determination of stability constant and thermodynamic parameters. Potentiometric titrations were performed to measure the complexation behavior of (bpenH2) with Mn 2+ directly in mixed aqueous solution of water and dioxane. Using the experimental set-up described in, 
Since the total concentrations of the cation CM and ligand CL are known, the concentration of the complex, [MnL 2+ ], can be expressed as:
The concentration of free ligand [L] is:
As ligand (bpenH2) Analytical application. The proposed electrode was successfully applied to the determination of Mn +2 ions in tablet and syrup by standard addition method. An electrode was immersed into a sample of 10 cm 3 with unknown concentration (Cx) and the equilibrium potential of E1 was recorded. 0.1 cm 3 of 1.0 × 10 -2 M of Mn +2 standard was then added into the testing solution and the equilibrium potential of E2 obtained. From the potential change of ∆E (E2 -E1) the concentration of the testing sample was determined using the following equation:
Where C x and C s are the Mn +2 concentration of test and the standard samples respectively, Vx and Vs are the corresponding volumes, S is the slope of the electrode response, and ∆E the change in potential. 26 In the determination of Mn +2 in multiple vitamins with minerals tablet and Minadex tonic syrup, the electrode showed almost identical behavior. The results are given in Table 4 . 
Conclusion
The membrane sensor incorporating (bpenH2) as an ionophore can be used to determine Mn +2 in the wide working concentration range. The main advantages of this sensor are its simplicity of preparation, short conditioning time, wide dynamic range, Nernstian behavior, low detection limit, good selectivity and reasonable long-term stability and low cost. The sensor shows a wide pH range, an adequate shelf life, a fast response time and good stability constant of complexion Mn +2 with (bpenH2). The selectivity of the electrode towards Mn +2 is quite good over other cations. The proposed sensor was successfully applied to direct determination of Mn +2 in real samples.
